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International linear collider

ILC experiment
* e+e- linear collider
» Center of mass energy: 250-500 GeV

ILC detector concept (ILD)

e+ bunch
Damping Rings IR & detectors compressor

e- bunch e+ source ‘ ‘
compressor positron 2 km
main linac

11 km

central region
5km

electron
main linac
11 km

2km ~°
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ILC Vertex detector system

Single point resolution: < 3um
« Small pixel size: < 25 ym pitch

~1300 beam bunches (every 554nsec)

Occupancy reduction: < 2%

Time resolution: 554ns interval IIlII II
» Bunch identification during beam train

200msec

|||||..'||
|
I
>
Ll

Low material budget: ~0.1%/X0
» corresponds to ~ 100 pm Si thickness
« Low power consumption (50mW/cm?)+ gas flow cooling.

Radiation hardness
» TID: 1 kGy/year

« NIEL: 10" 1MeVneg/cm2/year
2017/12/14 HSTD11/SOIPIX2017@QOIST



SOl Pixel Detector (SOIPIX)

« SOl pixel detector
« Small pixel size
« Complex functions in pixel
« Low material budget
» High speed, Low power circuit

* Double SOI structure

« Radiation hardness: > 100kGy (TID)

2017/12/14

Double SOl sensor

g ~/ LSl circuit
SOl — A n i

BOX

>

Middle S
(S0I12)

Silicon Sensor

Back plane (p+)

Charged particle
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SOl detector for ILC: SOFIST

» SOl sensor for Fine measurement of Space and Time
» Conceptual design of SOl pixel sensor for the ILC vertex detector

62.5mm >

<€
Target:

« Single point resolution: < 3 pm
» Pixel size: 20~25 pm pitch

10mm

* Time resolution: 554 ns interval
* In-pixel timestamp circuit

ADC x 3125ch + Zero-suppression

Data transfer interface
Readout/Output atatra

2017/12/14 HSTD11/S Data output



SOFIST: Pixel architecture

.....................

Timestamp memory
- Pixel circuit o =
IXe / - o/c o/c : Timestamp

 Pre-amplifier | 5 L : output
Ramp signal 1 X
« Comparator L | Sy n. :

« Hit-signal discrimination =
Shift-register 2 T

_____________________

« Latch hit signal R iinioie :

SISWIC—1SW2__
* Analog memor vth b D
J Y . —o” 00— N :|— d I— d
 Store charge signal Y e §'3"t'_'P9is_fef_ ------
« Calculate weighted center of charges & Comparator -~ gy ~==="="""""""3
» Timestamp memory ~D 5 "o Signal output
» Store hit timing Pre-amp sw
* Multiple memories :

2017/12/14 H: ' Analogs:gnalmemory

......................



SOFIST: Prototype sensor

* Ver.1:
* Pixel: Analog signal readout
* Pre-amplifier
* Analog signal memory
» Ver.2:
» Pixel: Hit detection, Timestamp
* Pre-amplifier
« Comparator + Shift register
* Analog signal memory / Time stamp memory

2.9 mm

4.45 mm

» Ver.3/Ver.4: in production
* Ver.3: Both analog signal and timestamp readout
» Ver.4: SOI sensor with 3D stacking (Poster by T. Tsuboyama)

2017/12/14 HSTD11/SOIPIX2017@0OIST 7



SOFIST Ver.1



SOFIST Ver.1 sensor

 Pixel circuit  Signal readout
« Pixel array: 50x50, active area: 1x1 mm? * Analog output or Column ADC readout

» Sensor thickness: 500 pm

A - :
.1ILI_I§I?I1ISI\I\I\I\IHI\IJI\I:II ] I['I._\Il' _E_ _____________ .
| | : .
] ] : ! i
H H s E
. ] L} HH ! Pixel array -
E 5{ HE ! 50x50 E
] 2] : | e
H [ | = ! -
|! x !‘ : 1 1 =
C Pixel array 5 1 N
2.9 mm u u PP P S PR -
| | —
‘! : L] ! L n .-.-.-.-.-.-._._.-.-.-._.-. L] .:
] Y ¢
‘l= E d P s - Analog output
] Column-ADC : :
L] = = wloeoit oot | 8bit | m
| = C = | ADC | ADC ADC | =
L . -
. I | - [ ]
i e ==l I .III_IIEIIJIIIIIIIIIIIIIIIIIJI_I‘I.
‘.‘.1.\.\-V.‘.’.\.‘.‘.\.‘.'.l-!.\.l.l.}.l-‘.‘- ‘ Columnlselector
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SOFIST Ver.1 sensor: Pixel circuit

 Pixel circuit: Analog signal readout
» Pre-amplifier: Charge sensitive amplifier
* High gain : 32 yV/e-, Low gain: 9 uV/e-
* Analog signal memory: 2 memories
 Pixel size: 20x20 pm?

—o o—
| |
' . ' SwWi I
: ! |
Pre-amp it?/lwz;/; Ji
iada=mndel
el

Analog signal memory

......................

Signal output
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SOFIST Ver.1 sensor: Beam test

» Beam test with SOFIST Ver.1 + FPIX (Talk by K. Hara)

» Fermilab Test beam Facility (Jan. 2017)
* Proton beam: 120 GeV

* Sensor evaluation
. Particle track reconstruction

Proton Beam -1 ---1

FPIX x4

Pixel size: 8x8 pm?
Active area: 1x1 mm?

20mm

SOFIST x2

Pixel size: 20x20 pm?
Active area: 1x1 mm?

30mm

170mm

Scintillator
(Trigger)

FE-14 sen;or
(ROI Trigger)

S_cintillator
(Trigger)



Cluster signal spectrum

» Sensor setup

« Bias voltage: 130V, 15V
* (Depletion width: 500 pm, 200 pm)

Depletion: 500 pm

1000

Events

800

600

400

200

v

Entries 19110
Mean 478
Std Dev 147.5
%2 / ndf 1053 /67
Constant 5365 = 63.4
MPV 421.4 = 0.6

Sigma  33.36 = 0.32

I
Signal peak: 420 ADU
S/N: ~300

Cluster signal [ADU]

=

Events

3000

2500

2000

1500

1000

500

Cluster signal reconstruction

* Summing 5x5 pixels around hit

Readout by External ADC (12 bit)

* Pixel Noise: ~1.4 ADU

Depletion: 200 pm _

Entries — 16333
Mean 2145
Std Dev 89.36
%2 / ndf 60.1/10
Constant!.608e+04 + 2.108e+02
MPV 1742 0.4
Sigma 19.12 £ 0.25
[
Signal peak: 174 ADU
S/N: ~124

100 200 300 400 500 600 700 800 900 1000
Cluster signal [ADU]



Tracking and residual analysis

* Track reconstruction

» Find track candidates from 4 FPIX hits (FPIX resolution: 0.6~0.7 pm)

* Residual calculation

» Difference between reconstructed track and detected hit on the SOFIST

Track reconstruction

Beam

SOFIST

Scintillator FPIX x4

(Trigger)
2017/12/14

-

FE-14 sen;or
(ROI Trigger)

Scintillator

(Trigger)

13



Residual distribution: 500 pm thickness

» Sensor setup:
» Depletion width: ~500 pm (HV = 130V)
» Readout by External ADC (12bit)

Residual X Residual Y
2 F h_resx_5 @ 240 h_resy 5
S r Entries 2401 5 n Entries 2401
o 220 Mean 0.1677 & 220 Mean -0.1204
200 Std Dev 2.721 200E- Std Dev 2.694
= ¥2 / ndf 12.58/9 - %2/ ndf 11.4/9
180~ Constant 227.7:76 180 Constant 2312279
160 Mean 0.1668 + 0.0386 160~ Mean 0.06111x 0.03750
C Sigma 1.367 = 0.035 - Sigma 1.348 + 0.035
140 | 1401 I
120 1.37 + 0.04 pm 120 1.35 £ 0.04 pm
100~ 100
80~ 80
60 60
40 40
20 20
O : = o W 1 1 1 1 1 1 1 1 1 1 0 ;"I_|—I_ o 1 1 1 1 I 1 1 1 1 L e |
=1 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15

Residual X [um] Residual Y [um]



Residual distribution: 200 pm thickness

» Sensor setup:
» Depletion width: ~200 pm (HV = 20V)
» Readout by External ADC (12bit)
Residual X Residual Y

® - h_resx_5 ® - h_resy_5
S 400F Entries 4338 § 400 Entries 4338
o C Mean 0.1344 ] - Mean -0.04445
350 F Std Dev 2,629 C Std Dev 2593
C %2 / ndf 19.28/9 350~ %2/ ndf 10.02/9
300 C Constant 392.4 = 10.4 r Constant 397.9 = 10.3
o Mean  0.05086 + 0.02848 300 Mean  0.07917 = 0.02804
C Sigma 1.331x 0.028 E Sigma 1.316 = 0.026
2501 [ 2501~ I
200 1.33 + 0.03 MM 200 1.32 + 0.03 pm
150 150
100~ 100
501 50F
O o 1 1 | T | L1 1 L1 = 0 ;| - L1 1 1 I | N I - el
=15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15

Residual X [um] Residual Y [um]



SOFIST Ver.2



SOFIST Ver.2 sensor

 Pixel circuit * Pixel type
 Pixel array: 80x64, Active area: 2x1.6mm? * Analog signal pixel
« Sensor thickness: 300 pm (Thinning to 75 um)  * Timestamp pixel

JEUSEEEEEEEEE NN SN NN NN ENEENEENEENEEENEEEEEEEEEEZ

A EEa = ' |
LI NN EREE |
] # [ (N < AR I IR SN S I
u ]
] [
1 :
[ | - b
g = 11 ] N
= u 8 | Pixel array i | 1 Pixelarray | f
] ] 3 ' (Time stamp) ' |(Analog signal),
[ B "
B kS ! 64x64 ] 16x64 1k
. .
I H 1 1 1 ] :
Pixel array - | bl D
1 I 1 I o
; ] | } | :
4.45 mm = | U 2 R I D E E B
L |
= = -E N L EEEEEEEEEEEEEEEEN LB EEEEEEENNBNG [ R}
B ] FRE L EEEEEEEENEENENENNHN L EEEEEEEEEN []
= H . & :E k i ?{:
E = : d P P P P e Analog output
= Column-ADC - : ,
= = a |eoit Jewt | 8bit | 8bit | _ _ _ _ _ _ 8oit
] [ | = | ADC | ADC ADC | ADC ADC [
B B [] b
] = . L
]
= = .III1III+IIIIIIIIIIIIIIllll1lll+lllllllllll|l
NN | O-suppression logic |[ cotumn selector |
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SOFIST Ver.2 sensor: Pixel circuit

* Pixel circuit: Hit detection, Timestamp

 Pixel size: 25x25 pm?
» Comparator + Shift register (2 stage D-FF)
Analog signal memory or Time stamp memory (2 Memories)

ﬁgxft mp memory
1 i
f oo 1 o ; o;sp?ftn
RRRRRR gnal sv1v2 ; J i
, T
Analog signal plxel . Timestamp pixel T

2017/12/14 | Analog signal memory | BOIPIX2017



SOFIST Ver.2 sensor: Analog signal pixel

» Analog signal pixel
» Pixel response by test pulse: 200 mV
» Threshold voltage: 100 mV

1st Memory / Shift register

Shift register(1st) l
Pixelreset |
E o oFfio apw2-- E
Pixel memory(1s — A vih [ S > :
‘ \ o ) |
DR | | R Shift-register )
11 Comparator -'""SW1 ———————————————
T ‘ : E Signal output

1st signal input 2nd signal input provamp | L/ J
sSw2

Shift register/Pixel signal:
- Latch at 1st signal input

@& 200mv & 200mv '4.00us 250MS/s T 9 Nov 2017']
B»v116.312us 10k points  >10.0us 11:54:06

Test pulse

E Analog s:gnalmemory i

......................




SOFIST Ver.2 sensor: Analog signal pixel

» Analog signal pixel
» Pixel response by test pulse: 200 mV
» Threshold voltage: 100 mV

2nd Memory / Shift register

Shift regisfer(2nd)

Pixel reset

Pixel r\nemory(2nd) X

—— ——— —— —

1st signaliinput | 2nd signal input

Shift register/Pixel signal:
- Latch at 2nd signal input

N o~ a1 o=
& 200mv & 200mv 4.00MS 250MS/s T ‘ 9 Nov 2017
Jl»v116.312us 10k points  >10.0us  ][11:54:16

Vth

Comparator |

......................

Signal output



SOFIST Ver.2 sensor: Timestamp pixel

» Timestamp pixel
» Pixel response by test pulse: : "g;lz:'mmm ‘

N | imestamp

' 1 H output
Ramp signal ' !

i | swe ; !

' | .

Input ramp signal

| SgISWIs—sw2__
[ Pixel memory g | vin b > 5
i _— - ) . : L —o” o— [ [
| Ramp signal : Latch at signal input I ___ Shift-register :
st ~ ! Comparator

| il m— |

b Test pulse _ 7 JF \
m Pro-amp

f

Signal input



Summary

» SOl pixel sensor for ILC vertex detector: SOFIST
« Pixel: Store both hit signal and timing

« SOFIST Ver.1: Pixel for analog signal readout
* Particle tracking and positon resolution analysis
* Residual width: 1.33 = 0.04 pm @200 pm

« SOFIST Ver.2: Pixel for hit detection, timestamp
« Confirmed pixel operation.
« Beam test : scheduled in Feb. 2018



Backup

2017/12/14
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SOFIST Ver.2 sensor: Analog signal pixel

» Analog signal pixel
» Pixel response by test pulse: < 100 mV
» Threshold voltage: 100 mV

1st Memory / Shift register

Shift register(1st)

PixelTeset

Pixel memory(1st) \

—_— —

Test pulse U

1st signal input

Input voltage < Threshold
Pixel signal: Reset

9 Nov 2017
>10.0MS 11:02:31 )



SOFIST Ver.2 sensor: Analog signal pixel

» Analog signal pixel
* Pixel response by test pulse: 200 mV, 100 mV
» Threshold voltage: 100 mV

Test pulse > Threshold

Test pulse < Threshold

Shift register Shift register

Pixel reset Pixel reset

Pixel memory Pixel memory

Signal input |

Shift register: High > Low
Pixel signal: Latch

& 200mv & 200mv 4.00us 250MS/s i 1 9 Nov 2017
{ +v116.312us 10k points  >10.0ps ]| 11:54:06

Shift register: No-change
Pixel signal: Reset

‘0 200mv & 200mv [4.00us 250MS/s T 1 9 Nov 2017""
W+v116.308us 10k points >10.0us 11:02:31



SOFIST Ver.2 sensor: Analog signal pixel

» Analog signal pixel
» Pixel response by test pulse: 200 mV
» Threshold voltage: 100 mV

1st Memory / Shift register

2nd Memory / Shift register

Shift register(2nd)

Shift register(1st)

Pixelreset Pixel reset

Pixel memory@nd) ~ — J .
—

1st signal input 2nd signal input

Pixel memory(1st)

Test pulse 1

1st signal input ; 2nd signal input

Shift register/Pixel signal:
- Latch at 1st signal input

& 200mv & 200mv 4.00us 250MS/s i 1 9 Nov 2017
{ +v116.312us 10k points  >10.0ps ]| 11:54:06

Shift register/Pixel signal:
- Latch at 2nd signal input

& 200mv & 200mv ""'4.00“3 250MS/s T 9 Nov 2017
{ |+ v116.312us 10Kk points  >10.0ps 11:54:16



SOl Pixel Detector (SOIPIX)

Detector structure of Double SOI sensor

NMOS
LSI Circuit PMOS
T BOX (Buried Oxide)
—— Middle Si
=1 1= ’ >
f} ’ ] )
. V] 4
07 ’ .1
, ® 7 4
o—p- Si Sensor L /
(High Resistivity gyl n+ -
Substrate) STV Buried n-Well r
. : s
o—
ﬁBack Plane
Radiation *
(X-ray, Electron, Alpha, Charged Particles, ...) .

CMOS Circuit layer

Sensor layer

Advantages of SOI pixel detector

Small pixel implementation
Complex functions in pixel circuit
Low material budget

High speed, Low power

Radiation hardness: > 100kGy(TID)



SOl sensor for ILC: SOFIST

» SOl sensor for Fine measurement of Space and Time

< 62.5mm >
A
E Parameter
e Pixel size 20x20 pm?
Sensor thickness S0 um
Column ADC 3125 channels
v
ADC resolution Analog signal: > 8 bit
Ef\ ADC x 3125ch + Zero-sup 1 ©321U1 1 :
e
2
N ¢ Data transfer interface

2017/12/14 Data output 28



SOFIST Ver.1: Column ADC

* Colum ADC circuit
« Wilkinson-Type ADC
* Resolution: 8bit / 1V = 3.9mV/bit. Conversion time: 2.56usec

Column ADC circuit

Ramp R !
enerator P . : .
5 . Gompara Latch 8b': L\ dDI%Ital

PIXEL_OUH— counter 1. ata
_ Pixel signal Ramp signal
Comparator IN- \ — i
Comparator OUT .
Clock counter o

2017/12/14 FSTUT TSUINTAZU TT@UTS |
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SOFIST Ver.1: Column ADC

« ADC SPICE simulation

Input signal Ramp signal

Signal/Ramp input

Comparator
8 i
Output (8bit 217
put (8bit) s T

= _IIIlllIlIIllIIIIII!IIIHIIHFA

| =}

R VY VY VY VY VI Vi) Vi)
N Mo N ' Nt N N N o no
in B in B in o i o o o o o oD
5 L— Ll oo ubluib Lbbbb) Lbddieh) bl L) L0 bbb
o

0 . 186



SOFIST Ver.1:

« Column ADC: output linearity
« ADC response by test pulse input.

ADC [DN]

200

150

100

50

ADC Test pulse response

-
|

*

/

+

J

L ||||||||||||||||||||||||||1||||||||||||||||||\|1

2 0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

09 1
Input [V]

/SOIPIXZ

Residual [DN]

ADC Residual (Non-linearity)

(=}
||||||I:|II||III|JIII IIIlllllllllll‘\llll\ll\
4
+
+
-+

JllllllllllllllllllllllJJllllllllllllllllllllllll
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Input [V]
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SOFIST Ver.1 chip

« Sr-90 irradiation
» SOFIST setup: Bias voltage = 140V, Readout by On-chip ADC

SOFIST output data

50

45
0Sr

— “
SOFIST -
ﬁﬂ 3%

30

v

Scintillator 20
15

10

5

°o 5 10 15 20 25 30 35 40 45 50 -5
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Beam test: Event display

FPIX 1 Image FPIX 2 Image

FPIX 4 Image SOFIST 1 Image

2017/12/1

FPIX 3 Image

SOFIST 2 Image
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Cluster signal, S/N

» Sensor setup
* Depletion width: ~500 pm (HV = 130V)
» Readout by External ADC (12 bit)

800}

500f

100}

2017/12/14

Pixel noise

700
600f

400}
300

200

h_40_%5
Entrias 3000
Mean 2752
S Dev 1445
« I ndt 455717
Constant 8269+ 182
Mean 2752 =0.0
Sigma 1445 2 0018

Noise: ~1.4 ADU

PP B ol B
2740 2750

Nl PP B
2760 2770

2

59000

>
8000F
7000F
6000
5000F
4000F
3000F
2000F

1000

Cluster size (Pixel)

h1_|_csi

Cluster signal reconstruction

Finding hit pixel over threshold
Summing 5x5 pixels around hit

ze_3

Entries

Mean

Std Dev

19110

5.02

2126

Charge share: 4 pix¢

Signal peak: ~420 ADU
Pixel noise: 1.4 ADU/pixel

18 20

Cluster size

Signal spectrum

@ " |_|_3
~g1000_— Entries 19110
o i Mean 478
| Std Dev 147.5
800 ¥2 / ndf 1053 /67
- Constant 5365 + 63.4
B MPV 421.4 + 0.6
B Sigma  33.36 + 0.32
600 [
- Signal peak: ~420ADU
400
200 —//J
N I Ll

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Cluster signal [ADU]

Speak/Npixer ~300 (@500um thickness)

PIX2017@OIST

34



SOFIST Ver.1: HV scan

 Bias voltage dependence of Peak signal

- Bias voltage: 15 ~ 130V

Signal spectrum

h1_h

800

600

400

200

IIIIIIIIIIIIIIIIIIII

Entries 12388
Mean 1417

Std Dev 448

s daaas Lol iy

o llllllllllllllllllllllll

0 50 100 150 200 250

2011712714

300 350 400 450 500
Cluster signal [ADU]

no1D11/oC.. ...

ADC [ADU]
>
=)

—_
n
o

100

80

60

40

20

Bias voltage v.s. Peak signal

+

P

Full depletion

1

1 1

180

100 120 140
Bias voltage [V]
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Events

SOFIST Ver.1: Signal spectrum

 Cluster signal spectrum
» SOFIST setup: External ADC (12 bit), On-chip ADC (8 bit)
» Bias voltage: 130V (Full depletion), Clustering: 5x5 pixels

External ADC

hi_h
i Entries 11734
1000~ Mean 991.3
3 Std Dev 323.8
[ %2 I ndf 216.6/28
800} Constant 5973 + 88.9
L MPV 899+ 1.8
Sigma _ 71.14 = 0.93
600[— I
Signal peak: 900
400
B _)J“LI\J
oy I | j 1 I 1

PP W I IR A
0 500 1000 1500 2000 2500 3000 3500 4000

Cluster signal [ADU]

High gain

2017/12/14

- - hi_|
52200 - Entries 40495
,_,>_,2000 E Mean 489.2
Std Dev 147.9
1800F %2 I ndf 577.7/57
E Constant1.204e+04 = 1.015+02
16001 MPV 4428 0.6
1400F Sigma 29.3 0.2
E I
1200
1000E- Signal peak: 443
800F~
600~
400~
200F
O0 200 400 600 800 1000 1200 1400 1600 1800 2000

Low gain

Cluster signal [ADU]

Events

On-chip Column ADC

hi_h
1000}— Entries 12246
L Mean 142.6
- Std Dev 45.13
3 x2 / ndf 166.7 / 28
8001~ Constant 5668 = 84.4
i MPV 1332+ 0.2
L Sigma 9.513 + 0.128
600
i Signal peak: 133
400
200
P T T T bl
0 50 100 150 200 250 300 350 400 450 500

Cluster signal [ADU]

High gain
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Events
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2500
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1500
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500

hi_|
Entries 40603
Mean 73.01
Std Dev 2225
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Constant1.909e+04 = 1.502e+02
MPV 65.13 = 0.06
Sigma 4.901 = 0.033

Signal peak: 65

=]

PR B
100 150 200 250
Cluster signal [ADU]

Low gain
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SOFIST Ver.1: Signal spectrum

 Cluster signal spectrum
» SOFIST setup: External ADC (12 bit), On-chip ADC (8 bit)
» Bias voltage: 130V (Full depletion), Clustering: 5x5 pixels

External ADC On-chip Colump ADC
h1_| _ h1_|
%2200 Entries 40495 %3500 — Entries 40603
o Mean 489.2 & r Mean 73.01
2000 Std Dev 147.9 C Std D 222
. 3000 td Dev .25
1800 x? / ndf 577.7 /57 C ¥2 / ndf 876.7/35
Constant1.204e+04 = 1.015e+02 r Constant1.909e+04 = 1.502e+02
1600 MPV 4428 0.6 2500 — MPV 65.13 + 0.06
1400 Sigma . r Sigma 4.901 = 0.039 .
Signal peak: 443 C Signal peak: 65
1200 2000~
1000 C
1500[—
800 r
600 1000
400 E
500
200 C
0 11 1 11 1 1 1 I Y- I Ll I Ll | : |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 I v

OO

50 100 150 200 250

Cluster signal [ADU] Cluster signal [ADU]



Cluster signal, S/N (High gain)

» Sensor setup

» Depletion width: ~500 [um] (HV=130V)

» Readout by External ADC (12bit)

Events

6000

5000

4000

3000

2000

1000

Cluster size (Pixel)

h1_h_csize

Entries 11734

Mean 4.679

Std Dev  2.016

Charge share: ~4pixels

I_A_Illlllll

1 1 1
2 4 6 8 10 12 14 16 18 20
Cluster size

Signal peak: ~900 [ADU]
Pixel noise: 2.2 [ADU/pixel]

» Cluster signal reconstruction

Finding hit pixel over threshold
Summing 5x5 pixels around hit

Signal spectrum

" h1_h
s i Entries 11734
111000 Mean 991.3
B Std Dev 323.8
i x2 / ndf 216.6 /28
8001 Constant 5973 + 88.9
L MPV 899 + 1.8
Sigma  71.14 + 0.93
600 _ |
r Signal peak: ~900ADU
400
200[—
0 Ul

0

IIII IIIIIIIIIII
500 1000 1500 2000 2500 3000 3500 4000
Cluster signal [ADU]

» Speak/Noixel ~440 (@500um thickness)



Cluster signal, S/N (Low gain)

* Sensor setup » Cluster signal reconstruction
» Depletion width: ~500 [um] (HV=130V) « Finding hit pixel over threshold
« Readout by External ADC (12bit) * Summing 5x5 pixels around hit
Cluster size (Pixel) ' Signal spectrum
» l’1‘|7|7CSi2673 @ 1 |_|_3
59000 — P Z1000[ Entries 19110
o F o i Mean 478
8000 Mean 502 i Std Dev 147.5
E StdDev 2126 8001~ ¥2 / ndf 1053 /67
7000~ Constant 5365 = 63.4
a MPV  421.4:06
6000 - Sigma  33.36 = 0.32
o 600[—
5000 - !
sook Charge share: 4~5pixels i Signal peak: ~420ADU
E 4001
30005— i
20005— i
o 200[—
1000 ://J
- bl b B | I r L laa s
2T e 8 0 12 14 18 e 20 05500 400600500 1000 1200 7160 150018002000
Cluster signal [ADU]
Signal peak: ~420 [ADU] » Speak/Npixer ~300 (@500um thickness)

Pixel noise: 1.4 [ADU/pixel]



Cluster signal, S/N (Low gain)

» Sensor setup

» Depletion width: ~200 [um] (HV=20V)

Readout by External ADC (12bit)

Events

6000

5000

4000

3000

2000

1000

Cluster size (Pixel)

h1_l_csize_3

Entries 16333

Mean 3.992

Std Dev  1.962

Charge share: 2~4pixels

6 8 10 12 14 16 18 20
Cluster size

Events

Cluster signal reconstruction

« Finding hit pixel over threshold
*  Summing 5x5 pixels around hit
Signal spectrum

30001~ Entries =2 16333
-

N Constant!.608e+04 = 24101A3e+02
2000'_ MPV 1742 +0.4

- Sigma 19.12+0.25

- I
15001~ Signal peak: ~174ADU
1000~
500:—

050006505406 00 208 706308 930 000
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HV scanning:

 Evaluation for thinner sensor: High gain
« HV: 20V, Depletion width: 500um - ~200um

Signal spectrum

Depletion: 500um Depletion: 200um
%] e @ il
s [ Entries 11734 £12001— Entries 6764
£11000}— Mean 991.3 i L Mean 400.8
r Std Dev 323.8 B Std Dev 184
- 2/ndf  216.6/28 10001~ %2 / naf 90.3/10
8001 Constant 5973 = 88.9 L Constant 6405 = 118.1
- MPV 899 + 1.8 800l MPV 3087 = 1.2
3 Sigma  71.14 = 0.93 L Sigma 432+ 0.7
L T L I
600 . - .
- Signal peak: 900 ADU 600 Signal peak: 309 ADU
s001 -
L 400
200 _—HJ‘M/J] 200__
0_""|'j"|""|"' L Loy 0_||||||||||||||||||| el P
0 500 1000 1500 2000 2500 3000 3500 4000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
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HV scanning:

 Evaluation for thinner sensor: Low gain
« HV: 20V, Depletion width: 500um - ~200um

Signal spectrum

2017/12/14

Depletion: 500um

1000

Events

800

600

400

200

Enties 19110

Mean 478
Std Dev 147.5
%2 / ndf 1053 /67
Constant 5365 = 63.4
MPV 421.4 = 0.6

Sigma  33.36 + 0.32

Signal peak: 420 ADU

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Cluster signal [ADU]

Events

Depletion: 200um

3000

2500

2000

1500

1000

500

b by by Ly rbEem

I 1.3
Entries 16333
Mean 2145
Std Dev 89.36
%2 / ndf 60.1/10
Constant!.608e+04 + 2.108e+02
MPV 1742 +0.4
Sigma 19.12 £ 0.25

Signal peak: 174 ADU
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Residual distribution

Evaluation for thinner sensor

Events

« HV: 20V, Depletion width: 500 pm - ~200 pm

Depletion: 500 pm

Residual distribution

= .._resx_5
r Entries 2401
220E Mean 0.1677
200 Std Dev 2.721
E ¥2 / ndf 12.58/9
180 Constant 207776
160 Mean  0.1668 + 0.0386
C Sigma 1.367 = 0.035
140 I
120F 1.37 + 0.04 pm
100
80
60
40
20F
9 N = =] Lo v v by o0

—_

-10

-5

0

5 10 15

Residual X [um]

Events

Depletion: 200 pm

r .._resx_5
400 :_ Entries 4338
- Mean 0.1344
350 :_ Std Dev 2629
C %2/ ndf 19.28 /9
300 C Constant 392.4 + 10.4
- Mean  0.05086 = 0.02848
C Sigma 1.331= 0.028
E +
200F- 1.33 + 0.03 pm
150
100
50
O :-I_l 1 1 T N | 1 11 =
=15 -10 -5 5 10 15

Residual X [um]




Residual distribution

» Sensor setup:

» Depletion width: ~500 [um] (HV=130V)
* Readout by On-chip Column ADC (8bit)
Residual X
) - h_resx_5
g L Entries 1251
& - Mean 0.09298
100[— Std Dev 2.884
i 2 / ndf 10.75/9
- Constant 109.6 + 5.1
80— Mean  0.1812 x 0.0605
i Sigma 1.491+ 0.058
R |
601~ 1.49 + 0.06 pm
a0l
20
S T o 0 15

Residual X [um]

Events

Residual Y
h_resy 5
1201~ Entries 1251
: Mean 0.2159
B | Std Dev 2.452
100[~ ¥2 I ndf 9.449 /9
- Constant 118554
B Mean  0.1866 = 0.0538
8o~ Sigma 1.383 = 0.049
- I
60 1.38 = 0.05 pm
40—
20f—
0 i L L I I | 1 1 1 1 I 1 1 1 1 .—I-I—o—'TLl —4 1 1
-15 -10 -5 5 10 15

Residual Y [um]




SOI-3D stacking sensor

» Stacking circuit chip on SOI sensor
» Connecting upper and lower chip by Au cone bump with 5um pitch

PAD

Upper layer-eum

Lower layer

2.5um cone bump

. ALJ
Barrier metal
AL pad (LSI)

p+ Buried n n+ Pixel Pixel

Sensor layer un

High Resistive substrate (p-) Tohoku MicroTec Co.. Ltd
. .
Al(200nm)

e
[~
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Ramp
Signal

Upper pixel

Time

* Timestamp x3

E'?. }{). E'?. - Shift-register
Store ;g \E g -  Analog memory x3
.
FIEE pe—m—

GND VDD

S N S— _ ‘f ______ e e J

amp

Vth —

Lower pixel
* Pre-amp
» Comparator

Substrate

2017/12/14
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SOl technology

 Suitable for operation in harsh radiation condition

* Insensitive to Single-event effects because transistors are isolated
from the wafer (bulk) silicon.

\ Gate Oxide \

bletim
Layer

Bulk Device




2017/12/

Stitching Exposure for Large Sensor

Produce 26.7 mm x 64 mm -

Sensing Area (3 Stitching).

+t
TR
xxxxxx
xxxxxx

 Accuracy of Overwrap is better than 0.025um.

[- Width of the Buffer Region can be less than 10um.
* 1-direction stitching at present.
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Shift register / Memory

| |
| . | _
No-hit I After 1st hit I After 2nd hit
parator —-- = -------------s , : parator  —-- o . : parator —-- = -------------s .
Signal i ! ON Signal i ; Signal i :
ignal input . — _L o/c i : ignal input i /C —J_ o/c E : ignal input i A _L o/c
' on 77g E : 77g i : OFF ﬁg
! - o o | : - o o o—_L—o/
;! 1 v I V! 1 'y I
1 . 1 I 1 . 1 I .
7; | 77& | 7;
Analog signal memory I Analog signal memory I Analog signal memory
______________________ I S ——— I S ——
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